Summary
Two groups of adult male rats aged 15 weeks and 49 weeks, 15 rats in each group, were analysed for the concentrations of the trace elements zinc (Zn) and copper (Cu) in serum, liver, kidney, and five parts of the brain (cortex, corpus striatum, hippocampus, midbrain + medulla, and cerebellum). All organs increased in weight from 15 weeks to 49 weeks. In all parts of the brain, except for corpus striatum, there was a significant increase of the weigbts. The dry weight (0/0 of wet) increased in all parts of the brain. In serum, the Zn and Cu concentrations increased from 15 weeks to 49 weeks. In the liver, both concentrations decreased and in the kidney the concentrations increased with increasing age. The Zn concentrations increased in cortex and corpus striatum and decreased in cerebellum and hippocampus. The Cu levels increased in all parts of the brain with the largest changes in corpus striatum. For rats aged 49 weeks, a significant correlation was found between the Cu concentrations of corpus striatum or midbrain + medulla and tbe fluid consumption. The findings of the present study reveal a dynamic age-related pattern of changes in the concentrations of Zn and Cu in different organs of tbe adult rat. This stresses the need of age-matching as an important control in experiment studies. The trace elements zinc (Zn) and copper (Cu) are of importance for the development and function of the CNS (Hunt, 1980; Nalbandyan, 1983; Palm et al., 1986) . In rats, zinc deficiency during pregnancy leads to CNS malformations of the fetus (Hurley & Shrader, 1972) .
Cu is an essential component of enzymes such as superoxide dismutase and dopamine {3hydroxylase (Nalbandyan, 1983) . Rats born from Cu deficient mothers have neurologic abnormalities (Prohaska & Wells, 1974) .
In rat brain there is an uneven distribution of Zn and Cu and the concentrations are different in different age groups (Kofod, 1970; Brun & Brunk, 1973; Kozma & Ferke, 1979; Kishi et al., 1982; Szerdahelyi & Ka'sa, 1983; Saito et al., 1988) . Most previous studies on Zn and Cu concentrations in different parts of the rat brain have been performed on suckling and young rats, and only a few have compared the concentrations in adult rats of different ages.
In the present experiment, the main aim was to determine whether the concentrations of Zn and Cu in different parts of the brain change with age in the adult male rat. Changes in wet and dry weights were also recorded as well as the fluid consumption.
Materials and metbods

General information
Male Sprague-Dawley rats (Mol: SPRD) from Mollegaard (Ll Skensved, Denmark) were used. The initial body weight was about 320 g. No experiment was started before the rats had been kept in the animal room for 2 weeks. The rat room had a constant temperature of approximately 24°C and a reversed light darkness schedule with Table 1 . Weight of body, various tissues and the dry weight ("70of wet). The weights of the different brain parts refer to half brain. The results are given as the mean ± SO.
Significant differences between 15 weeks and 49 weeks are indicated ("= P<0'05; b = P<O'OI; c= P<O·OOI). For the differences in dry weight"7o,the Wilcoxon-Mann-Whitney test was used, for the other differences Student's (-test Zn and Cu analyses The Zn and Cu analyses were preformed by flame atomic absorption spectrophotometry in a Varian AA-6DB (Varian Tectron Pty Ltd, Melbourne, Australia) according to Rallmans (1978) .
Statistical methods
Student's t-test was used for the comparison between~roup means for weight, trace element concentrations and fluid intake. When comparing relative data (dry weightOJo) we used the WiIcoxon-Mann-Whitney test. Parametric correlation coefficients (r) were used when relations between variables were analysed.
Results
Body-and organ weights and fluid consumption (Table 1)
Significantly higher weights of body, liver, kidney, and brain were found at 49 weeks compared to 15 weeks. The dry weight (% of wet) of the kidney and the intact half brain was higher and of the liver lower at 49 than at 15 weeks. All parts of the brain, with the exception of corpus striatum, increased significantly in weight with increasing age. The wet weight light off at 0700 and light on at 1900. The room had fluorescent illumination and all sources of daylight were eliminated. Food and drinking fluid (tap water) were supplied ad libitum. The tap water had a Zn and Cu concentration of O· 40 and O· 16J.tmol/l, respectively. The food was R3 (ASTRA-Ewos, Sodertalje, Sweden), which is an ordinary pelleted food for rats and mice composed mainly for breeding purposes. Content of Zn was 120 ppm and of Cu 30 ppm. Food intake was not recorded. Because rats were kept in individual stainless steel cages for at least 3 weeks prior to euthanasia, individual fluid consumption (g/kg body weight and day) could be recorded. The rats were killed by decapitation at the age of 15 or 49 weeks. At euthanasia, the weights of the body and different organs were recorded. The left half of the brain was dissected into cortex, corpus striatum, hippocampus, midbrain + medulla, and cerebellum essentially according to Glowinski and Iversen (1966) . These parts were used for trace element determinations. The right half of the brain was in toto used for determination of the water content.
Serum and organ sampling Blood, brain, liver, and kidney samples were carefully collected to avoid contamination by external sources of trace metals. Mixed arterial and venous blood was obtained from the cerebral vessels at decapitation. The blood was allowed to clot for 2 h, and centrifuged at 3000 rpm for 10 min. The serum was then transferred to plastic tubes with Pasteur pipettes and stored at -20°C until analysis. The glass-and plastic tubes used were acid washed and tested free from Zn and Cu. The samples were diluted with 0·1 mollL RCI prior to analysis of Zn and Cu.
The organ samples were placed in pre-weighed glass-tubes, which were tested free from Zn and Cu, and the wet weights recorded. Then the samples were dried at 110°C for 3 days, the dry weights recorded and finally the samples were ashed overnight at 550°C. The samples were then dissolved in HCI before the analysis of Zn and Cu. The sample preparation procedure has been described in detail by Rallmans (1978) . .u=P<O·OOI; Wilcoxon-Mann-Whitney test.) increase, expressed in per cent of the corresponding weight at 15 weeks, was most pronounced for cerebellum, midbrain + medulla, and hippocampus, 30'0070,19'4%, and 14'5%, respectively. The sum of the weights of the dissected brain parts was lower than the double weight of the intact half brain. There could be several reasons for this difference such as evaporation, leakage of cerebrospinal fluid and small pieces left on the dissection instrument. No difference in the calculated 'recovery' was found between 15 weeks (88%) and 49 weeks (91%).
The dry weight (% of wet) was in all parts of the brain higher at 49 weeks than at 15 weeks Fig. 1 ). The increase was most pronounced in hippocampus, 14·8%. The fluid consumption was at 15 weeks 104± 30 ml/kg body weight and day and at 49 weeks 81 ± 23 ml/kg body weight and day. The difference is significant (P<0·05). ...
Palm, Wahlstrom & Hallmans
Zn and Cu concentrations of serum, liver, kidney, and brain (Table 2) The serum concentrations of Zn and Cu were significantly higher at 49 weeks than at 15 weeks, while the reverse was seen in the liver concentrations of Zn and Cu. The kidney, however, followed the serum with a significantly higher concentration for Zn and Cu at 49 weeks compared to 15 weeks of age.
In the brain, the cortex and corpus striatum had higher Zn levels at 49 weeks than at 15 weeks while hippocampus and cerebellum had lower levels. The Zn concentration of midbrain + medulla did not change. In all brain regions investigated for eu the concentrations were significantly higher at 49 weeks compared to 15 weeks.
Correlations
At 49 weeks, significantly negative correlations were found between the Cu concentrations of corpus striatum and midbrain + medulla and the fluid consumption during the last week before the rats were killed (Fig. 2) . The correlation Table 2 . Zinc and copper concentrations in serum, liver, kidney and five brain regions from adult rats of two different ages. The serum concentrations are expressed as J.'mol/I. the other concentrations as J.'mol/kg wet weight. All concentrations are given as the mean ± SD. Significant differences between the groups (t-test) are indicated coefficients were r= -O' 67 (P< 0,01), and r= -0,63 (P<0'02), respectively. In rats of 15 weeks age no such relations were noted. The corresponding correlation coefficients were r=0'13 (N.S.) and r=0'43 (N.S.). There were no significant correlations between the fluid consumption and the dry weight (0/0 of wet) of corpus striatum and midbrain + medulla (r=0'09; N.S. and r= -0'05; N.S., respectively). At 49 weeks, there was a significant positive correlation between the Zn and the Cu concentrations of corpus striatum (r = O' 70, P<0'005) and midbrain+medulla (r=0'59, P<0'025) (Fig. 3) . No such relations were found at 15 weeks. 
Discussion
Much of the increase in body weight of the rats between 15 weeks and 49 weeks probably is due to 'overnutrition' by the use of conventional breed stock feed given ad libitum. The study indicates, that hippocampus, cerebellum, and midbrain + medulla increase relatively more in weight than cortex and corpus striatum in the adult rat brain. There is also an increase in the dry weight (%of wet) in all parts of the brain, mainly of hippocampus, with increasing age probably reflecting an increased content of lipids in the ageing brain. The difference in the dry weight between the parts of the brain could depend on the distribution of grey and white matter. Areas with a high proportion of white matter (midbrain + medulla, and corpus striatum) have the highest dry weight (Fig. 1) . Kofod (1970) found the same total weight and dry weight (0/0 of wet) of the brain at 12 weeks as we found at 15 weeks and also that the dry weight increased from 2 weeks to 12 weeks. The Zn and Cu concentrations in serum, liver, kidney, and brain regions were the same as we reported earlier for adult rats (Palm et al., 1986) . In a recent study, Saito et al. (1988) found the same levels and regional differences in the concentrations of Zn and Cu in male Wistar-King A rats weighing 200-240 g as in the present study. Bergman et al. (1974) reported higher Zn concentrations of serum, liver, and kidney at 12 weeks than the levels we found at 15 weeks and did not find any increase in these concentrations from 16 weeks to 32 weeks. In the kidney, Baskin et af. (1981) found that the Zn concentrations decreased and the Cu levels were unchanged in male Fischer 344 rats from 13 weeks to 52 weeks of age. Their Zn levels reported were considerably higher than in the present study. Kozma and Ferke (1979) analysed the Zn and Cu concentrations of cerebellum of adult rats (13-17 weeks) and found the same Zn levels as in the present study while the Cu levels were higher. Szerdahelyi and Ka'sa (1983) investigated the Zn and Cu concentrations of hippocampus of 14 week old rats and found slightly lower levels compared to our results.
There are earlier reports on Zn and Cu concentrations in different brain regions of rats in different age groups comparing very young rats with adult but there are few investigations that have compared adult rats of different ages. Kishi et al. (1982) compared Zn and Cu concentrations in brain parts from rats aged 3 weeks and 41 weeks. In the adult brain they found the same regional distribution and absolute concentrations of Zn as was found at 49 weeks in the present study. For Cu the absolute concentration was the same as in our study but they did not find any difference in the regional distribution of the metal. Brun and Brunk (1973) investigated Zn and Cu concentrations in cerebellum-pons and telen-diencephalon.
In the age group 8-36 weeks they noted increasing Cu levels and unchanged Zn concentrations in Palm, Wahlstrom & Hallmans cerebellum-pons. In telen-diencephalon they found increasing Zn and Cu concentrations with increasing age. However, there were few rats in each group (minimum four) so it is difficult to draw any further conclusions from their study.
The changes in concentrations of Zn and Cu between 15 weeks and 49 weeks may be physiologic alterations reflecting change in binding of the metals to different ligands or differences in the concentrations of metal binding ligands. A change in the distribution of the mineral within the brain can also explain the changes.
The most striking finding in the study is the increase of Cu concentrations in all brain regions. Histochemical studies have also indicated an increasing amount of heavy metals with increasing age and also postnatal development of cerebellum and hippocampus (Brun & Brunk, 1973) .
The highest relative increase in the concentration of Cu in corpus striatum and midbrain + medulla may indicate the increasing demand of the metal for catecholamine metabolism with increasing age as dopamine i3-hydroxylase is a Cu-metalloenzyme. If there is a causality behind the significant negative correlation between fluid consumption and the Cu concentrations of corpus striatum and midbrain + medulla at 49 weeks, it must mean, that the trace metal is involved in the water regulation centre of hypothalamus in older animals. If this is the case, the lack of a corresponding relation at 15 weeks means either that regulation of water intake changes with age or that less of the Cu found in these brain parts is involved in regulation of water intake in younger animals. It is implicated in the last explanation that the increase in Cu concentration in corpus striatum and midbrain + medulla seen at 49 weeks is in some way involved in the corresponding decrease in water intake seen at the same age.
In conclusion, the present study has demonstrated, that in different parts of the adult male rat brain there are, between the ages of 15 weeks and 49 weeks, absolute and relative changes in the wet and dry weights as well as in the concentrations of Zn and Cu. Changes were also seen in serum, liver, and kidney. Studies of the relation between Cu concentrations in corpus striatum and midbrain + medulla and the intake of drinking fluid and the relation between Zn and Cu concentrations in these brain parts at the age of 49 weeks and the lack of corresponding relations at the age of 15 weeks, indicate that the changes are not only change in the level but might also indicate changes in functional properties related to the changes in levels. This means that studies of treatments influencing the trace elements at different ages in the adult rat could give not only quantitative but also qualitative differences at different ages.
